INTRODUCTION
Benthic ecosystems are widely affected by multiple anthropogenic stressors that can modify and fragment their habitats (Breitburg et al., 1998; Crain et al., 2008) and strongly impact the composition and abundances of their species (Cardinale et al., 2006; Stachowicz et al., 2007; Hooper et al., 2012; Grabowski et al., 2014) . A decrease in biodiversity can negatively affect ecosystem processes linked to productivity, trophic interactions, and biogeochemical cycles (Loreau et al., 2001; Solan et al., 2004; Balvanera et al., 2006; Gamfeldt et al., 2015) , and it can determine ecosystem stability and resilience (Hooper et al., 2005; Worm et al., 2006) . These impacts may vary depending on the characteristics of the lost species (Cardinale et al., 2006; Harvey et al., 2013) , and may be stronger if multiple ecosystem functions are considered together (i.e., multifunctionality; Byrnes et al., 2014) . Temporally and spatially explicit models help us to understand the relationship between the distribution of biodiversity and benthic habitats, in particular how anthropogenic impacts might affect ecosystem functioning (Lecours et al., 2015 , Mokany et al. 2016 ). This understanding can inform long-term ecosystem management and conservation strategies (Copeland et al., 2011; Mokany et al., 2016) .
Traditionally, biodiversity has been analyzed from a taxonomic perspective, following a list of observed species. More recently, a functional approach has been used to explore the connections between biodiversity and ecosystem functioning by focusing on the variety of roles played by different organisms (Díaz and Cabido, 2001; Petchey and Gaston, 2006) . Functional diversity considers morphological, physiological, and behavioral characteristics related to how species acquire and use resources and modify trophic webs, as well as their preferences for habitats and their impacts on the occurrence and magnitude of disturbances. In benthic ecosystems, functional diversity has usually been linked with feeding and bioturbation strategies, which are considered the most important biotic factors determining ecosystem structures (Mermillod-Blondin et al.,
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2005; Norling et al., 2007 , Kristensen et al., 2012 . Although functional information is still lacking for most benthic species, particularly regarding phenotypic variability and the effects of positive interactions such as facilitation, a variety of functional trait classifications is available to describe the functional diversity of benthic organisms (Pearson, 2001; Bremner et al., 2003; Petchey and Gaston, 2006; Link et al., 2013) .
Our study explored the multifunctionality of organisms by considering the combination of their functional traits in order to analyze the ecological roles of functional groups in benthic biodiversity. The main goal of our investigation was to characterize the spatial distribution of benthic biodiversity within San Jorge Gulf, the largest semiopen basin in the southwestern Atlantic Ocean (Miloslavich et al., 2011) . Specific objectives were to: (1) describe the spatial distribution of physicochemical characteristics in the benthic environment, (2) classify benthic species regarding their functional traits and identify the presence of assemblages of epifauna and infauna functional groups, (3) evaluate the relationship between environmental variables and benthic assemblages, and (4) build habitat suitability maps for benthic assemblages, that is, determine the probability of the presence of benthic assemblages on the seafloor. We tested the following hypotheses: (1) spatial variations in the benthic environment determine the composition of benthic communities where distribution is correlated with depth, sediment size, and the concentration of organic matter in the sediment; and (2) areas with higher concentrations of organic matter host the most diverse benthic communities.
STUDY SITE
San Jorge Gulf (SJG) lies between Cape Dos Bahías and Cape Tres Puntas along the Atlantic coast of South America and encompasses an approximate area of 39,340 km 2 (Figure 1 ; Reta, 1986) . SJG circulation depends on inputs of cold, nutrient-rich water from the Malvinas Current and on a seasonal plume of low-salinity waters from Magellan Strait (Acha et al., 2004; Palma and Matano, 2012) . Semidiurnal tides and westerly winds contribute to vertical mixing in the gulf (Palma et al., 2004) . In spring and autumn, tidal fronts have been observed close to the gulf 's northern and southern extremes. Glembocki et al. (2015) described another seasonal thermohaline front in the southern area of the SJG that originates from a decrease in water depth and the arrival of the plume from Magellan Strait. Part of the Patagonian Shelf Large Marine Ecosystem (Miloslavich et al., 2011) , the SJG is considered one of the Southern Hemisphere's most productive ecosystems (Longhurst, 2007) , where a great diversity of species finds food, shelter, and a place for breeding in the SJG (Roux et al., 1995; Yorio, 2009) . Anthropogenic pressures in the SJG include fishing and the presence of coastal cities, tourism, and activities related to the transport of fossil fuels (Commendatore and Esteves, 2007; Góngora et al., 2012; Marinho et al., 2013 
DATA ACQUISITION
The environmental and biological data we analyzed were drawn from two main sources. Data from the Instituto Nacional de Investigación y Desarrollo Pesquero (Figure 1 , INIDEP stations) were obtained from the Argentinean National Institute of Fishing, and data from the MARine ecosystem health of the San Jorge Gulf: Present status and RESilience (MARES; see this program's stations in Figure 1) were acquired from the Programa Multidisciplinario para el Estudio del ecosistema y la geología marina del golfo San Jorge y las costas de las provincias de Chubut y Santa Cruz (PROMESse, http://coriolis.uqar.ca/). These data included sediment variables such as grain size, total organic matter (TOM), total organic carbon (TOC), and total nitrogen (TN), and bottom water variables including temperature, salinity, percent oxygen saturation, and chlorophyll a. Maximal average velocities for bottom current estimated by Vincent Combes and Ricardo Matano of Oregon State University (pers. comm., April 7, 2017) were included in the analyses of the correlation between benthic environments and assemblages. Biological data comprised compositions and abundances of epifaunal species from INIDEP and of infaunal species from MARES. Functional diversity analyses were performed separately for epifauna and infauna data, given that neither the stations nor the sampling method coincided. See the online supplementary materials for a full description of sampling methods and data acquired.
RESULTS

Benthic Environment
In order to create a general picture of the SJG benthic environment, the spatial distribution of sediment types and bottom water variables were plotted using INIDEP and MARES data. The Ordinary Spherical Kriging method of interpolation was chosen to build raster maps with the Spatial Analyst extension on ArcMap. These maps provided a continuous distribution for sediment variables such as grain size, TOM, TOC, TN, and for bottom water variables such as temperature, salinity, percent oxygen saturation, and chlorophyll a.
The spatial distribution of sediment environmental variables followed the spatial variation of grain size ( Figure 2a 
Benthic Functional Diversity
Taxa identified from INIDEP and MARES data were classified based on functional traits, including feeding strategy, size, mobility, adult life habits, and bioturbation (Pearson, 2001; Bremner et al., 2003; Link et al., 2013 ; see Table 1 ). Taxa were allowed more than one trait in the cases of feeding strategy, adult life habits, and bioturbation. Adult stage functional traits were classified with the best resources available. When species information was not available, traits were classified according to the taxa's family (e.g., Maldanidae), order (e.g., Echiurida), class (e.g., Holothuroidea, Hydrozoa, Priapulida), or phylum (e.g., Bryozoa, Nemertea) to include all species in the functional group analyses. The combination of all levels of traits resulted in designation of a functional group, following Link et al. (2013) . Considering all combinations of feeding strategy, size, mobility, adult life habits, and bioturbation, 38 epifauna functional groups and 21 infauna functional groups were recognized in the SJG (see Table S1 for the taxa classified by functional traits).
To identify the presence of assemblages, we pursued the following steps.
First, the Bray-Curtis similarity measure was estimated on the functional group abundance data, representing the number of functional groups identified by station. This similarity matrix was explored by the group average cluster method with the similarity profile analysis (SIMPROF) to identify assemblages, with a significance level of 5% (Clarke and Gorley, 2006) . The cluster method considers composition and abundance of functional groups in every station when identifying assemblages, following the approach of Moritz et al. (2013) . A similarity percentage (SIMPER) analysis was employed to describe what functional groups contributed to dissimilarity between assemblages and what functional groups explained similarity within assemblages. Functional group richness by station was represented by alpha diversity (α). The average of alpha diversity by assemblage or group of stations represented alpha mean diversity (α assemblage ). The total number of functional groups at the assemblage scale was the gamma assemblage diversity (γ assemblage ). Data were analyzed using the PRIMER 6 statistical package with PERMANOVA+.
Cluster and SIMPROF analyses of epifauna functional data identified four assemblages (Figure 3a; see Table S2 for composition of functional groups by assemblage). Assemblage A was dominated by large and mobile predators with crawl or swimming strategies (e.g., Austropandalus grayi, Diplasterias brandti, Alpheus puapeba), large and mobile opportunists (e.g., Lithodes santolla, Pseudechinus magellanicus, Arbacia dufresnii), and large sessile filter feeders (e.g., Molgula sp.; see Table 2 ). This assemblage was identified at only one station, in the southeast area (Figure 3b) . Assemblage B was characterized by high abundances of large sessile filter feeders (e.g., Mytilus edulis, Renilla sp.), large and mobile predators with crawl or swimming strategies (e.g., D. brandti, Nemerteans, A. grayi, Carolesia blakei), and small and semimobile deposit surface/ subsurface feeders with burrowing strategies (e.g., Echiurida; Table 2 ). The SIMPER analysis indicated that large and sessile filter feeders (FXSSS) and small and semimobile deposit surface/ subsurface feeders with burrowing strategies (ASHBB) contributed 100% to the average similarity of 50.97% (SIMPER ,  Table S3 ) of this assemblage, which was found at the southern coast close to Cape Tres Puntas (Figure 3b) . Assemblage C was dominated by large mobile opportunists with crawl and swimming strategies (e.g., Pseudechinus magellanicus, Munida gregaria, Ophiura sp.), large sessile deposit subsurface feeders with tube burrower strategies (e.g., Pectinariidae), and large mobile predators with swimming strategies (e.g., A. grayi). However, the variation in this assemblage between stations was also high ( Table 2 ). The SIMPER analysis indicated that these functional groups contributed 84.58% to the average similarity of 41.52% (Table S3) . Assemblage C was present in the central area and close to the coasts in the west (Figure 3b) .
Assemblage D comprised the highest number of functional groups ( Table 2) . It was characterized by large mobile deposit subsurface and filter burrowers (e.g., Neilonella sulculata), large sessile deposit subsurface and filter burrowers (e.g., Ennucula puelcha, Pectinariidae), large mobile opportunist crawlers (e.g., Ophiura sp.), and large sessile filter feeders (e.g., Molgula sp., Renilla sp.). Diversity indices showed Assemblage D to be more diverse in terms of functional group composition (Table 2) . However, the variation between stations for this assemblage was also high. The SIMPER analysis indicated that large mobile deposit subsurface and filter burrowers (S.FLMBB), large sessile deposit subsurface and filter burrowers (S.FLSBB), and large sessile filter feeders (FXSSS) contributed 69.37% of the average similarity of 36.51% (Table S3) . Asemblage D was found in the northern and southern coastal areas and close to the mouth of the SJG (Figure 3b ).
Infauna groups with higher abundances were large deposit subsurface and filter burrowers (e.g., N. sulculata, E. puelcha), medium semimobile deposit subsurface tube burrowers (e.g., Maldanidae), large mobile deposit surface gallery burrowers (e.g., Notiax brachyophthalma), and large sessile filter feeders (e.g., Stylatula sp). Cluster and SIMPROF analyses of infauna data identified no significant differences between stations that would allow determination of the presence of assemblages ( Figure S1 ).
Relation Between Environmental Variables and Assemblages of Benthic Functional Groups
To determine which set of environmental variables best explained the distribution of assemblages of epifauna functional groups, a distance-based linear model permutation test (DistLM) was performed. The resemblance matrix was calculated based on Bray-Curtis dissimilarity. Benthic environmental data were previously normalized. Maximal average velocities for bottom currents during January were included for this analysis.
The best-fit model was estimated considering the AICc (Akaike's information criterion corrected) selection criterion and a minimum of two variables with PRIMER 6. Results were visualized with a distance-based redundancy analysis (dbRDA). The distance-based linear model showed organic matter concentration in sediments and oxygen availability in bottom water to be the environmental variables that best explained the distribution of assemblages of epifauna functional groups (Figure 4) . Assemblages A and B correlated with high concentrations of oxygen and low TOM in sediments. Assemblage C was associated with high concentrations of TOM and low oxygen availability. Assemblage D correlated with low concentrations of TOM and oxygen availability.
Habitat Suitability for Assemblages of Functional Groups
Habitat suitability for assemblages of epifauna functional groups was analyzed at gulf scale, following the approach of Moritz et al. (2013) . First, a generalized linear model (GLM) was applied to relate the presence/absence of a given assemblage with the local environmental variables at our stations. Environmental variables from the best model identified in the DistLM and dbRDA were used as predictors. Considering the results, a second set of GLMs was implemented using only significant explanatory variables. The GLMs were performed in the statistical package RStudio, assuming a binomial distribution (presence/absence of assemblages) with a logit-link function. To build continuous raster maps describing the probability of the presence of assemblages, the assemblage-specific estimates were included in the inverse logit function in the Raster Calculator (Spatial Analyst tools, ArcMap) to relate the model to the distribution of environmental variables at gulf scale. Like the DistLM routine, the GLM models highlighted that Assemblages C and D were correlated with TOM and TOM and oxygen, respectively (Table 3) . However, it was not possible to implement the GLM model for Assemblages A and B because of the low number of stations in their area.
The probability of the presence of Assemblages C and D was projected in the habitat suitability maps ( Figure 5) . Our results show high probabilities for the presence of Assemblage C, characterized by opportunist crawlers and deposit subsurface burrowers, where organic matter concentrations in sediments are high, particularly in the deeper, central zone of the gulf. In contrast, our model predicted high probabilities for Assemblage D, characterized by deposit subsurface feeders, filter burrowers, and sessile feeders in the north, close to the mouth, and along the southern coastal area, associated with low oxygen availability in bottom water and low organic matter concentrations in sediment.
DISCUSSION
Our results show spatial heterogeneity in environmental conditions for the benthic communities, with conditions in the central area distinct from the southern cape, and some areas in the mouth of the gulf and near the coast showing intermediate characteristics. We originally hypothesized that depth, sediment size, and TOM would be the most important environmental variables for explaining functional diversity in the SJG. However, we found that organic matter concentration in sediments and availability of oxygen in bottom waters to be the most important variables for explaining the distribution of assemblages of epifauna functional groups. Future studies should focus on collecting finer-scale data on seafloor topography because it is considered a structuring factor for benthic and pelagic biodiversity and invertebrate growth in coastal ecosystems (Archambault et al., 1999a (Archambault et al., , 1999b Brown et al., 2011; Copeland et al., 2011; Carvalho et al., 2017) . The spatial heterogeneity in the distribution of organic matter might be associated with the seasonal variation in productivity and circulation dynamics described for the SJG (Akselman, 1996; Fernández et al., 2003 Fernández et al., , 2005 , as central area environmental conditions promote the deposition of organic matter. Additionally, discarded bycatch of low commercial value species in SJG trawling fisheries could have an impact on the functioning of benthic assemblages by increasing the amount of organic material on the seabed (Varisco and Vinuesa, 2007; Góngora et al., 2012) . The accumulation of organic compounds initially favors opportunistic species and deposit subsurface feeders, which are capable of ingesting the available organic matter. Moreover, the high consumption and degradation of organic matter explain the low availability of oxygen observed in the central area of the SJG. Our results show that a major area of the gulf is occupied by benthic assemblages dominated by organisms that are highly dependent on the recycling of organic matter, for example, Munida gregaria (Varisco and Vinuesa, 2007) .
The area close to Cape Tres Puntas was characterized by coarse sediments with low concentrations of organic matter and bottom water exhibiting high temperatures, oxygen availability, and chlorophyll a concentrations. This might be associated with the presence of fronts in the south where the primary productivity was high (Glembocki et al., 2015; Retana and Lewis, 2017) . The abundance of filterfeeding species in assemblages close to Cape Tres Puntas suggests a more direct dependence on primary productivity.
Regarding infauna, stations exhibited great variability in functional group composition, and no spatial patterns were identified. The lack of structure could be related to the low number of stations sampled (13) in a highly variable environment. Data from more stations within the same region would improve descriptions of SJG infauna, and would enable assessment of whether the functional diversity of infauna is similar over the whole gulf or whether spatial patterns are present. In addition, further studies are required to improve our understanding of these species' functional traits. The combination of our data with data to be collected by future Pampa Azul Programme (Argentina) missions should facilitate description of the composition and structure of these organisms.
Functional Biodiversity Distribution Models
Habitat suitability maps permit determination of zones of particular interest for conservation or identification of indicator species within assemblages for monitoring changes in the ecosystem (Valavanis et al., 2008; Kovalenko et al., 2012; Moritz et al., 2013) . In particular, our results provide a more detailed picture of the distribution of functional diversity in relation to spatial variation in the SJG benthic ecosystem. This model can be used to design conservation and management strategies for the SJG and to predict climate change impacts or anthropogenic pressures on habitats and the area's biodiversity (Poloczanska et al., 2008; Maxwell et al., 2009) . Further studies may focus on using biogeochemical processes to describe temporal variation of assemblages of epifauna functional groups in an ecosystem, for example, by measuring the rates of degradation of organic matter, oxygen consumption, and biomass production, or the consumption of resources (following Link et al., 2013) . Moreover, Robinson et al. (2011) proposed that biodiversity distribution models should include ecological characteristics, such as dispersal, species interactions, ontogenetic shifts, and aggregations of individuals. Model predictions might be improved by integrating habitat data across multiple spatial and temporal scales, for example, including seasonal variations for the SJG ecosystem. Accounting for these factors will result in more robust models for SJG benthic functional biodiversity. direct dependence on primary productivity. Habitat suitability maps representing functional diversity increase understanding of ecosystem functioning and how changes in biodiversity might affect it. The preservation of ecosystem functioning could be incorporated into biodiversity and habitat conservation efforts to sustainably manage the services provided by the San Jorge Gulf ecosystem.
SUPPLEMENTARY MATERIALS
Supplementary materials are available online at https://doi.org/10.5670/oceanog.2018.414.
Although the classification of functional traits might be improved in the future with more local information, this was the first study to classify and analyze benthic epifauna and infauna biodiversity in the SJG considering functional traits. Even though a functional traits approach has limitations because the information available is usually insufficient to classify taxa and accurately represent species' functional traits, further SJG studies could focus on improving such classification by using complementary methods to calculate functional diversity, for example, by integrating observational and experimental studies (Hector et al., 2007) . Recently, biodiversity-ecosystem function studies have manipulated species richness to deduce changes in functional diversity and in ecosystem processes (Mokany et al., 2016) . These studies could consider different trophic levels to determine the effects of trophic cascades in resource utilization dynamics and the relative importance of top-down and bottom-up controls.
SUMMARY AND CONCLUSIONS
In this paper we integrated new and previous data to describe benthic functional diversity in San Jorge Gulf. This is the first study to describe the spatial variation of benthic assemblage distribution in the SJG while considering functional diversity. Our benthic functional biodiversity distribution model identified spatial patterns in benthic assemblage distribution that are highly associated with benthic heterogeneity. We demonstrated that the presence of assemblages of epifauna functional groups is strongly correlated with organic matter concentrations in sediments and oxygen availability in bottom water. Among the environmental variables, bottom current velocities were included in biodiversity analysis for the first time in this coastal ecosystem. Our results reveal that most of the SJG is dominated by a benthic assemblage that depends on organic matter recycling, while assemblage composition in the area close to Cape Tres Puntas reveals a more
